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READABLE MATRIX ADDRESSABLE DISPLAY SYSTEM 

BACKGROUND 

1. FIELD 

The present invention relates generally to computer systems and, more 
specifically, to computer display system architectures. 

2. DESCRIPTION 

In many computer systems, an important feature is the ability for the 
system to display information to a user. In such systems, a display device is 
included to receive data from other components of the computer system for 
presentation in a visual form for viewing by the user. Commonly, the display 
device is a raster display having a cathode ray tube (CRT). Such a display 
device is by nature "write only." That is, once the data is transferred to the 
display, it cannot be retrieved. 

In current computer systems, a processor typically does not communicate 
directly with the display device. Instead, in order to display data in current 
computer systems, the processor typically transfers the data over a bus and 
through a graphics controller circuit for storage in a graphics memory device. 
One common graphics memory device is a video random access memory 
(VRAM). The graphics controller then reads the display data out of the memory 
and transfers the display data to the display device for presentation to the user. 
However, the information that is visually presented on a typical display device is 
transitory in nature. That is, the display device visual image must be 
continuously refreshed, even if the underlying display data remains unchanged. 
To refresh the image, the display device must continually receive the display 
data from the graphics controller circuit. If the processor were to be coupled 
directly to the display device, this display refresh activity could reduce the time 
available for the processor to perform other operations. Hence, the graphics 
controller circuit is typically used in a computer system to update, or refresh, the 
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display data as necessary in order to offload this display updating task from the 
processor. Thus, when the processor needs to access any information that is 
being displayed, the processor reads the data from the graphics memory device 
via the graphics controller circuit. The processor does not directly read data 
from the display device itself. 

When the graphics controller circuit refreshes the display data, it transfers 
an entire copy of the display data to the djsplay device. An entire copy is 
transferred although in many instances only a portion of or perhaps even none 
of the image has changed. Even when the display device is a matrix 
addressable display, such as a liquid crystal display (LCD), a light emitting 
polymer (LEP) display, or a reflective silicon display, the display device is 
refreshed "blind" by a graphics controller circuit. This means that every pixel in 
the display is re-written on a periodic basis, even if the intensity values of the 
pixels have not changed since the previous refresh cycle. This mandatory 
refresh operation adds complexity to the processor/display interface and lowers 
the effective bandwidth of the display. 

Although the inclusion of the graphics controller circuit and the graphics 
memory device may improve the overall performance of some computer 
systems, these devices introduce additional cost and complexity to the systems. 
With the advent of new display technologies, faster buses, and increasingly 
more powerful processors, a new paradigm for computer display system 
architectures is desired. 



SUMMARY 

An embodiment of the present invention is a system having a display 
device and a processor coupled to the display device to read data from and write 
data to the display device. 

Another embodiment of the present invention is a method operating in a 
system having a processor coupled to a matrix addressable display device 
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having a plurality of pixels, the method comprising reading display data by the 
processor from selected individual pixels of the matrix addressable display 
device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will become 
apparent from the following detailed description of the present invention in 
which: 

Figure 1 is a block diagram of a processor coupled to a matrix 
addressable display device according to an embodiment of the present 
invention; 

Figure 2 is a diagram of a matrix addressable display device in 
accordance with an embodiment of the present invention; 

Figure 3 is a diagram of an array of pixels with row select lines and 
column I/O connections within the matrix addressable display device of Figure 2; 

Figure 4 is a diagram of an individual display pixel according to an 
embodiment of the present invention; and 

Figure 5 is a diagram of the column I/O interface according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION 

An embodiment of the present invention comprises a computer display 
system architecture having a readable display device and an interface between 
a processor and the display device. In one embodiment, the display device is a 
matrix addressable display device, although other types of display devices may 
be employed. An embodiment of the present invention allows a display device 
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to have display data selectively and directly written to it by a processor, to 
directly translate the display data into a visible image, to retain the visible image 
without the need for continual refreshing of the display data, and to allow the 
processor to selectively read at least a portion of the stored image data. 

The display interface of an embodiment of the present invention provides 
for a processor to directly access a closely-coupled, matrix addressable display 
device without employing a graphics controller circuit or a graphics memory 
device. In an embodiment of the present invention, a processor accesses the 
display via a bus as if it were a block of (pseudo-static) random access memory 
(RAM). This display system architecture allows the processor to alter or update 
selected portions of the display while leaving other static areas of the display 
unaltered. This interface is intended to work with display technologies in which 
each pixel may be individually accessed via a row and column address, such as 
a matrix addressable display device, for example. This may include LCDs, light 
emitting polymer (LEP) displays, reflective silicon displays, and other matrix 
addressable displays, and may not apply to raster displays such as CRTs. 

Current display devices are "write only" because the graphics controller 
circuit copies information from a graphics memory device to the display device, 
where it is then represented in a visible form. An embodiment of the present 
invention comprises a matrix addressable display device that may be selectively 
readable as well as selectively writable, thereby making the display device itself 
exhibit the characteristics of a random access memory. This allows the 
processor to be connected directly to the matrix addressable display device via a 
bus without the need for a graphics controller or graphics memory device. As 
used herein, directly connected means being coupled together without a 
graphics controller or graphics memory device being used. Acceptable display 
system performance may be maintained at least in part by the throughput 
capabilities of the bus and the processor, as well as the matrix addressable 
display device. Additionally, the matrix addressable display device may be "self- 
refreshing," allowing the processor to update only the portions of the displayed 
image that have changed. The processor does not have to refresh or update 
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the static portions of the displayed image, because the individual pixels are able 
to retain their visible image levels without the need for continuous refresh 
operations 

Thus, embodiments of the present invention eliminate the need for a 
graphics controller and a graphics memory device, thereby minimizing the cost 
of the system, and provide improved data bandwidth between the processor and 
the display device. 

An embodiment of the present invention is based at least in part on the 
use of a capacitor associated with each pixel in a matrix display. The capacitor 
may be used to maintain the intensity of the individual pixel. In an embodiment 
of the present invention, circuitry may be added to the matrix addressable 
display device to read the charge stored on the capacitor, making the intensity of 
each pixel selectively readable by the processor coupled to the display. 

Figure 1 is a diagram of a processor coupled to a matrix addressable 
display device in accordance with one embodiment of the present invention. 
The processor 1 may be coupled to address bus 4 and to data bus 5. In one 
embodiment, the processor may be one of the Pentium® family of processors 
commercially available from Intel Corporation, although other processors may 
also be used. A matrix addressable display device 2 may be coupled to address 
bus 4 and data bus 5. The processor 1 may read information from or write 
information to the display 2 in substantially the same manner as reading 
information from or writing information to a memory device(not shown). In 
another embodiment, the address and/or data lines coupling the processor to a 
memory device may be different than the address and/or data lines coupling the 
processor to the display device. In yet another embodiment, a buffer device (not 
shown) may be coupled between the processor, the display and the memory 
device to handle any differences in throughput between the devices. 

Figure 2 is a diagram of a display device in accordance with one 
embodiment of the present invention. Row-column address de-multiplexor 6 
receives an address from a processor over address bus 4. The address may be 
used to select a pixel of the display to be read from or to be written to by the 
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processor. The row-column address de-multiplexor divides the address into at 
least two portions. A first portion of the address value may be directed to row 
address buffers 8, where the value of the first portion may be stored as an 
indication of a selected row of active matrix display array 14. In this 
embodiment, the first portion comprises the higher order bits of the address. A 
second portion of the address value may be directed to column address buffers 
7, where the value of the second portion may be stored as an indication of a 
selected column of active matrix display array 14. In this embodiment, the 
second portion comprises the lower order bits of the address. The combination 
of the selected row and column indications address a selected pixel of active 
matrix display array 14. In an alternate embodiment, the first portion may 
indicate a selected column and the second portion may indicate a selected row. 

The stored row address value from row address buffers 8 may be coupled 
to row decoder 13. In a similar manner, the column address value from column 
address buffers 7 may be coupled to column decoder 9. Both row decoder 13 
and column decoder 9 convert a binary address value into individual select 
signals in a well-known manner. Row decoder 13 outputs a plurality of row 
select signals 15 that may be applied to active matrix display array 14. Column 
decoder 9 outputs a plurality of column select signals 17 that are coupled to 
sense amplifiers input/output (I/O) gating 11. Both row decoder 13 and column 
decoder 9 have individual output select signals based on binary address values 
input to the decoderssuch that only one pixel in the active matrix display array 
will be selected for a given combination of row and column binary address 
values. Sense amplifiers I/O gating 1 1 may be coupled to active matrix display 
array 14 by a plurality of bi-directional column I/O connections 16. Sense 
amplifiers I/O gating 1 1 uses the plurality of bi-directional column I/O signalss 16 
to control the reading or writing of data into active matrix display array 14. Data 
may be coupled between the data bus 5 and sense amplifiers I/O gating 1 1 
through data in buffer 10 for data write operations and through data out buffer 
12 for data read operations. 
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Figure 3 is a diagram of active matrix display array 14. Each individual 
row select signal 1 5 may be received by all of the individual pixels in a given row 
of active matrix display array 14. Each individual column I/O signal 16 may be 
connected to all of the individual pixels in a given column of active matrix display 
array 14. When a given row select 15 signal is activated, all of the pixels on the 
given row are activated and can perform either a read or a write operation. The 
particular pixel to be read from or written to may be selected by an active column 
I/O signal 16 in conjunction with the row select signal. 

Figure 4 is a diagram of an individual pixel 1 8 in the active matrix display 
array. When a given row select signal 15 is active, transistor 19 conducts, 
connecting column I/O signal 16 to the pixel circuit. During a pixel write 
operation, the electrical voltage present on column I/O signal 16 is gated through 
transistor 19 and stored on capacitor 20. After this voltage is stored on 
capacitor 20, row select signal 15 may be de-asserted, causing transistor 19 to 
become non-conducting so that the voltage stored on capacitor 20 will remain. 
The voltage stored on capacitor 20 is isolated by analog buffer 21 and used to 
drive visible actuating element 22 that translates the electrical voltage into a 
visible image for the pixel. During a pixel read operation, a particular row select 
signal 15 may be activated, causing transistor 19 to conduct. The voltage stored 
on capacitor 20 may then be coupled to column I/O signal 16 for transfer 
through sense amplifiers I/O gating 1 1 and data out buffer 12. 

Figure 5 is a diagram of the column I/O interface including the sense 
amplifiers I/O gating circuitry 1 1 according to an embodiment of the present 
invention. Data in buffer 10, data out buffer 12, and data bus 5 are included for 
clarity. During a pixel write operation, binary information from data bus 5 may be 
stored in data in buffer 10 and converted from binary format to an analog voltage 
by digital-to-analog converter (DAC) 23 to produce analog signal output 28. 
Analog signal output 28 may be gated through analog buffer driver 25 and 
applied to column I/O selector 27. Bi-directional column I/O selector 27, a well- 
known analog circuit, uses the individual column select 17- signals to enable one 
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of the possible column I/O connections. The analog signal output 28 may thus 
be coupled to a single column of pixels. 

During a pixel read operation, the analog voltage stored on the capacitor 
20 in each pixel 18 in the selected row is present on its column I/O 16 
connection. Column select 17 signals gate one of the column I/O 16 voltages 
through to buffer amplifier 26 to produce analog signal input 29. The voltage 
level of the analog signal input 29 may be converted into binary format by 
analog-to-digital converter (ADC) 24. The binary representation of the analog 
signal input 29 may be stored in data out buffer 12 and coupled to data bus 5 for 
access by a processor. 

Although in the embodiment of Figures 3 and 4, only one column I/O 
connection per pixel is shown, each pixel may have multiple column I/O 
connections and each pixel may comprise more than a single electrical voltage 
to visible image translator. 

As described, the display device in accordance with one embodiment of 
the present invention communicates directly with a processor via a bus, without 
the need for an intermediate display memory device such as VRAM, for 
example, or a graphics controller circuit. Information communicated from the 
processor to the display device is directly presented in a visual fashion. The 
processor may read the visual information stored in the matrix addressable 
display device. The matrix addressable display device is able to retain the visual 
information without the need for continuous refresh operations. Individual pixels 
of the display may be selectively written by the processor. Furthermore, 
because individual pixels may be selectively written, pixels may be written only 
when their corresponding values have changed, thereby providing better display 
update performance. 

An apparatus has been disclosed for allowing a processor to directly 
perform both data read and write operations with a display device, the display 
device being able to retain and display the visual information stored in the 
display device without continual, external refresh operations. 
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While this invention has been described with reference to illustrative 
embodiments, this description is not intended to be construed in a limiting 
sense. Various modifications of the illustrative embodiments, as well as other 
embodiments of the invention, which are apparent to persons skilled in the art to 
which the inventions pertains are deemed to lie within the spirit and scope of the 
invention. 
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CLAIMS 

What is claimed is: 

1 . A system comprising: 
a display device; and 

a processor coupled to the display device to read data from and write 
data to the display device. 

2. The system of claim 1 , wherein the processor is directly connected to 
the display device without use of at least one of a graphics controller circuit and 
a graphics memory. 

3. The system of claim 1 , wherein the display device comprises a matrix 
addressable display. 

4. The system of claim 3, wherein the matrix addressable display 
comprises one of a liquid crystal display, a light emitting polymer display, and a 
reflective silicon display. 

5. The system of claim 1 , wherein the display device comprises a 
plurality of pixels and the processor writes display data to selected individual 
pixels. 

6. The system of claim 1 , wherein the display device comprises a 
plurality of pixels and the processor reads display data from selected individual 
pixels. 

7. The system of claim 1 , wherein the display device comprises a 
plurality of pixels that persistently hold intensity values without requiring 
continual refreshing. 
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8. The system of claim 7, wherein the processor writes display data only 
to selected individual pixels having intensity values to be changed, the selected 
pixels being less than all pixels of the display device. 

9. The system of claim 7, wherein each pixel comprises a capacitor to 
store the intensity value of the pixel. 

10. The system of claim 9, wherein the display device comprises circuitry 
to read the intensity value stored in a selected one of the capacitors and to 
return the intensity value to the processor. 

11. In a system having a processor connected to a matrix 
addressable display device having a plurality of pixels, a method comprising: 
reading display data by the processor from selected individual pixels of 
the matrix addressable display device. 

12. The method of claim 11, further comprising writing display data by 
the processor to selected individual pixels of the matrix addressable display 
device. 

13. The method of claim 12, wherein writing display data to selected 
pixels comprises writing display data only to selected individual pixels having 
intensity values to be changed, the selected pixels being less than all pixels of 
the matrix addressable display device. 

14. A matrix addressable display device comprising: 
a plurality of readable, individually addressable pixels. 

15. The matrix addressable display device of claim 14, further comprising 
address logic coupled to the plurality of pixels for decoding an address to select 
a pixel. 
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16. The matrix addressable display device of claim 15, further 
comprising a first buffer coupled to the address logic for storing display data 
read from the selected pixel. 

17. The matrix addressable display device of claim 15, further comprising 
a second buffer coupled to the address logic for storing display data to be 
written to the selected pixel. 

18. The matrix addressable display device of claim 15, wherein the 
plurality of pixels comprise an array and wherein the address logic comprises: 

a row-column address de-multiplexor to receive the address; 

a row decoder coupled to the row-column address de-multiplexor to 
identify a selected row of the array; and 

a column decoder coupled to the row-column address de-multiplexor to 
identify a selected column of the array. 

19. The matrix addressable display device of claim 14, wherein each pixel 
comprises a capacitor to store an intensity of the pixel. 

20. The matrix addressable display device of claim 14, wherein the 
plurality of pixels comprise an array of pixels, each pixel being individually 
addressable by a combination of a row select signal and a column select signal, 
and wherein each pixel comprises: 

a transistor coupled to a row select signal and a column select signal; 

a capacitor coupled to the transistor to store a voltage present on the 
column select signal; 

a buffer coupled to the capacitor to isolate the voltage received from the 
capacitor; and 

a visible actuating element coupled to the buffer to translate the voltage 
into a visible image. 
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21. The matrix addressable display device of claim 14, further comprising 
means for decoding an address to select a pixel. 

22. The matrix addressable display device of claim 21, further 
comprising means for storing display data read from the selected pixel. 

23. The matrix addressable display device of claim 21 , further comprising 
means for storing display data to be written to the selected pixel. 

24. The matrix addressable display device of claim 21 , wherein the 
plurality of pixels comprise an array and wherein the address decoding means 
comprises: 

means for receiving the address; 

means for identifying a selected row of the array based on the address; 

and 

means for identifying a selected column of the array based on the 
address. 

25. A system comprising: 
a processor; and 

a display device connected to the processor; 

wherein said processor is adapted to output display addresses and 
display data to the display device, and wherein the display device is adapted to 
display a visual representation of the display data, without using an intermediate 
display memory device or a graphics controller circuit; to retain said visual 
representation of the display data, without need for external display refresh 
operations; and to allow the processor to read the display data directly from the 
display device. 

26. The system of claim 25, wherein the display device further 
comprises: 

an active matrix display array comprising a plurality of pixels; and 
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an I/O gating circuit coupled to the active matrix display array. 

27. The system of claim 26, wherein each of said pixels is adapted to 
translate an electrical signal into a visible image. 

28. The system of claim 26, wherein each of said pixels comprises: 

a transistor activated by a row select signal, wherein the transistor acts as a 
gate to link the pixel to a column I/O connection; 

a capacitor to store a voltage representing the display data; 

an analog buffer to provide a drive voltage based on the voltage; and 

an element to translate the drive voltage into a visible image. 

29. The system of claim 26 wherein the I/O gating circuit comprises: 

a bi-directional, column I/O selector circuit to select a column I/O connection 
to a selected pixel of the plurality of pixels; 

a buffer driver circuit coupled to the column I/O selector circuit to outpu| a 
voltage to the selected pixel; and 

a buffer amplifier circuit coupled to the column I/O selector circuit to accept a 
voltage from the selected pixel. 
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